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Abstract 
A field experiment was conducted at Areka Agricultural Research Center in Bolosso Sore Woreda, 
Wolaita Zone of Southern Nations Nationalities and People’s Regional State (SNNPRS) to evaluate 
the response of haricot bean (Phaseolus vulgaris L.) to P fertilizer. Seven levels of P (0, 10, 20, 30, 40, 
50 and 60 kg ha-1) in RCBD with four replications were used in the study. Recommended rate of N (60 
kg ha-1) was applied to all treatments. The full doses of P and N were applied at sowing. Data on crop 
phenology, growth parameters, grain yield and yield components, and total biomass were recorded 
during specific physiological stages of the crop. At harvest, the plants were partitioned into grain and 
straw to determine total P uptake, apparent recovery and nutrient use efficiency by crops. The effect of 
P was significant in hastening physiological maturity of crop, whereas its effect was not significant on 
flowering and growth parameters such as plant height and number of branches plant-1. Although the 
effect of P application was not significant on number of pods plant-1, number of seeds pod-1, thousand 
seed weight and straw P content, its application had significantly increased grain yield. The grain yield 
ranged between 15.58 dt ha-1 at 0 kg P ha-1 (control) and 25.47dt ha-1 at application of 40 kg P ha-1. 
Besides, total biomass was also significantly influenced by P, and ranged between 30.27dt ha-1 at 
control to 45.97 dt ha-1 at rate of 40 kg P ha-1. The levels of P application did not affect available P, 
total N, OC contents and EA of soil. The highest total P uptake (32.59 kg ha-1) was obtained at 30 kg P 
ha-1 and increased with increasing rates of P application, whereas apparent P recovery was found to be 
highest at 20 kg P ha-1. Both agronomic and physiological P use efficiencies of the crop were highest 
at the rate of 10 kg P ha-1. Therefore, application of 10 kg P ha-1 is recommended for better haricot 
bean production at Areka.    
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Introduction 
Next to nitrogen, phosphorus is the most important element for adequate grain production (Brady and 
Weil, 2002). An adequate supply of P early in the life of a plant is important in the development of its 
reproductive parts. Large quantities of P are found in seed and fruit, and it is considered essential for 
seed formation. A good supply of P is associated with increased root growth. P is also associated with 
early maturity of crops, particularly grain crops. The quality of certain fruit, forage, vegetable, and 
grain crops is improved and disease resistance increased when these crops have satisfactory P nutrition 
(Havlin, et al., 1999). Plants suffering from P deficiency are retarded in growth and the shoot/root dry 
matter ratio is usually low. The formation and quality of fruits and seeds are depressed in plants 
suffering from P deficiency (Mengel and Kirkby, 1987). Poor nodulation and poor plant vigour are 
observed in beans grown in P deficient soils (Amijee and Giller, 1998).   
 
Although P is important to crop production and has widespread influence on both natural and 
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agricultural ecosystem than any other essential element (Brady and Weil, 2002), P sufficiency for crop 
growth does not always exist in most soils because of losses due to erosion and high fixation (Miller and 
Donahue, 1995; Brady and Weil, 2002). This problem is most severe in highly weathered acid soils that 
dominate the highlands of the tropics (Linguist et al., 1997). Zake (1993) reported that most African 
soils are of ancient origin and come from acidic rocks that are low in nutrient contents. Stoorvogel and 
Smaling (1990) reported that the depletion of major nutrients is very high in Ethiopia. Their estimates 
showed that losses of the major nutrient elements in Ethiopia were in the order of > 40 kg N, over 6.6 kg 
P, and more than 33.2 kg K ha-1 year-1, which are much greater than the net average losses for soils in 
sub-Saharan Africa. The significance and extent of such losses are judged to be of sufficient importance 
to demand that action be taken through recapitalization of soil fertility. 
 
In highlands of Ethiopia, available P is potentially the limiting element in crop production (Desta, 1982; 
Tekalign and Haque, 1987) and 70 to 75% of the agricultural soils of the highland regions of the country 
are P deficient (Desta, 1982; Tekalign et al., 1988). Available P content of most soils in SNNPR of 
Ethiopia is less than 5 mg kg-1, which is in the range of low P content (Kelsa et al., 1996), whereas the 
available P content of soils at Areka Agricultural Research Center is very low ranging between 1.2 and 
4.3 mg kg-1 in the surface soil layers indicating that improvement of available P content through 
amendments is needed to sustain productivity of these soils (Abayneh, 2003). 
 
Haricot bean (Phaseolus vulgaris L.) is an annual pulse crop with considerable variation in habit, 
vegetative characters, flower color and the size, shape and colour of the pods and seeds (Onwueme and 
Sinha, 1991). It is well adapted to the range of an altitude between 1200 and 2000 m above sea level 
(Wortmann, 1998), and in areas with annual average rainfall 500-1500 mm. It is not drought resistant; 
ideally needs moist soil throughout the growing period. However, rainfall towards the end of growing 
periods is undesirable. It can be grown successfully on most soil types, from light sands to heavy clays, 
but friable, deep and well-drained soils are best preferred (Onwueme and Sinha, 1991). 
 
Legumes including haricot bean have high P requirement due to the production of protein containing 
compounds, in which N and P are important constituents, and P concentration in legumes is generally 
much higher than that found in grasses. High seed production of legumes primarily depends on the 
amount of P absorbed (Khan et al., 2003). The yield of haricot bean increases with P application 
(Gemechu, 1990) and its nodulation and fixation of N can be improved with the application of P (Amare, 
1987). Therefore, application of P is very important to maximize the yield of bean. The average national 
productivity of haricot bean is 7.26 dt ha-1 (CACC, 2003 Part I) and its regional productivity is 8.14 dt 
ha-1 (CACC, 2003 Part II. A). This is low compared to the yield that is attained under research center. 
Getachew (1990) reported that lack of optimum fertilizer rate is one of the several factors contributing to 
the low grain yield of the bean in the region. Haricot bean is also one of the most commonly cultivated 
pulse crops in the study area, Bolosso Sore Woreda, Wolaita Zone of SNNPRS. Its average productivity 
in the area is 6.5 dt ha-1 (Personal Communication), which is lower than its regional and national yield. 
According to CACC (2003, Part II. B), its total production in the Woreda is 41897.87 dt year-1, which 
accounts for about 30% of the production of Wolaita zone. This low productivity might be partly 
attributed to the inadequate supply of available P.  
 
Haricot bean is an important pulse crop distributed and grown in different parts of Ethiopia depending 
on climatic and socio-economic factors. In southern parts of the country, it is also widely distributed and 
grown by farmers for various uses (Tenaw, 1990). Haricot bean is mainly used as sources of food and 
cash. It is exported to earn foreign exchange and is also one of the cash crops locally used by farmers 
(Mitiku, 1990; Tenaw, 1990). As source of food, it is extensively consumed in traditional dishes, and 
being part of the diet of the farming households, it serves as a source of protein to supplement the 
protein deficient main dishes like maize and enset in the southern parts of our country especially in 
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Wolaita and Sidamo areas (Tenaw and Yeshi, 1990). 
 
Besides, the farmers also grow the bean to use the straw as forage for livestock, source of fuel, mulching, 
bedding, and covering material for houses of poor farmers. Despite all these advantages, little effort was 
made to improve its productivity and the yield is comparatively low because of depletion of nutrients as 
a result of erosion and crop mining, lack of optimum fertilizer rate, etc. One of the solutions to alleviate 
the problem could be applying P fertilizers from external sources based on recommended rate for the 
crop. In order to make site-specific recommendation of P for haricot bean production, nutrient rate 
experiment is needed. Therefore, this study was initiated with the objective to evaluate the response of 
haricot bean to increasing levels of P application and effect of P application on soil chemical properties.   
 
Materials and methods 
Description of the Study Area  
 
The study was conducted at Areka Agricultural Research Center, which is located in Southern Nations 
Nationalities and People’s Regional State (SNNPRS), Wolaita zone. It is found at 410 km south of Addis 
Ababa and 3 km from Areka town, at 7°04.196’N and 37°41.330’ E and altitude of 1790 meters above 
sea level (masl). The soil of the center is formed from pyroclastic rocks, and is clayey in texture 
(Abayneh, 2003). The mean annual rainfall is 1460 with a bimodal pattern, which extends from March 
to September. The peak rainy months are April, July, August and September. The mean minimum and 
maximum temperatures are 15 oC and 26 °C, respectively. November and December were the coldest 
months, whereas February was the hottest.  
 
Treatments and the Experimental Design  
 
Seven levels of phosphorus were used to evaluate the response of haricot bean (Phaseolus vulgaris L.) 
variety Red Wolaita to increasing P supply. The levels used were 0, 10, 20, 30, 40, 50, and 60 kg P ha-1. 
The experiment was laid out in RCBD with four replications. Eight rows, each having 40 plants, were 
used on 3.2 m by 4 m plot. A distance of 1 m and 1.5 m were left between plots and blocks, respectively. 
Spacing of 40 cm and 10 cm were used between rows and plants, respectively. Diammonium phosphate 
was used as source of P and all doses were applied as side banding at sowing time. Urea was used to 
make a uniform 60 kg N ha-1 application on every plot. All cultural practices such as weeding, hoeing, 
etc., were kept uniform for all treatments. 
 
Agronomic Data Collection and Sampling 
 
Flowering and maturity dates (when 50% of the plants were at respective phenological stage), number of 
branches per plant, plant height, number of pods per plant and number of seeds per pod were recorded. 
Six central rows were harvested for determination of grain yield and total biomass. Grain yield was 
adjusted to 10% moisture content. Finally, harvest index was calculated as the ratio of grain yield to total 
biomass, and 1000 seed weight was determined using sensitive electronic balance.  At harvest, the total 
biomass from every plot was sampled and partitioned into straw and grain. These were properly cleaned 
and placed in an oven at 65 oC until constant weight was obtained. The oven-dried samples were ground 
to pass 200 mesh for determination of P contents.  Forty samples were randomly collected from surface 
layer (0 to 30 cm depth) just before sowing and composited. At the time of harvesting, 72 random 
samples were also collected from surface layer of every plot and a composite per treatment was made 
using formula indicated for band applied fertilizers by Havlin et al. (1999) as:  
       S= 8 (row spacing)/30, where: S stands for the ratio of off-band to on-band samples. 
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Laboratory Analyses  
 
The soil samples were air-dried and ground to pass 2 and 0.5 mm (for total N) sieves. All samples were 
analyzed following standard laboratory procedures as outlined by Sahlemedhin and Taye (2000). 
Organic carbon and total N contents of the soil were determined following the wet combustion method 
of Walkley and Black, and wet digestion procedure of Kjeldahl method, respectively. The available P 
content of the soil was determined following Bray II method. Soil texture was analyzed by Bouyoucos 
hydrometer method. The cations exchange capacity (CEC) of the soil was determined following the 1N 
ammonium acetate (pH 7) method. Ca and Mg contents were measured by using EDTA titration, 
whereas the exchangeable K and Na in the extract were measured by flame photometer. The pH (1:2.5 
solid: liquid ratio) of the soils was measured in water using pH meter with glass-calomel combination 
electrode. Exchangeable acidity of the soil was determined by leaching exchangeable hydrogen and 
aluminum ions from the soil samples by 1N KCl solution. Determination of the P content of the straw 
and grain yield was carried out on the digest aliquote obtained through digestion. P in the solution was 
determined colorimetrically by using molybdate and metavanadate for color development. Finally, 
reading was made at 460 nm.  
  
Statistical Analysis and Phosphorus Uptake and Efficiency 
 
The data obtained from soil and crop, were statistically analyzed using the PROC ANOVA function of 
SAS and means were compared using LSD at a probability level of 5%.  Total P uptake in grain and 
straw were calculated by multiplying P content with respective straw and grain yield ha-1. Total P uptake 
of the biomass was calculated by summing up the P uptake by grain and straw. Apparent P recovery, 
agronomic and physiological P efficiencies were calculated using procedures described by Craswell and 
Godwin (1984) as: [(Un-U0/n)] X 100 for apparent P fertilizer recovery, (Gn-G0)/n for agronomic 
efficiency and (Gn-G0)/Un-U0) for physiological efficiency, where: 
               Un stands for P uptake at ‘n’ rate of P fertilizer,  
               U0 stands for P uptake at control (zero P level),  
               Gn and G0 stand for grain yield fertilized at ‘n’ rates of fertilizer and control, 
respectively. 
 
Results and Discussion 
 
Response of Haricot Bean to Phosphorus Application   
 
Crop phenology and growth parameters   
 
The level of P supply has significantly influenced days to physiological maturity. Phosphorus application 
at 40, 50 and 60 kg P ha-1 has significantly reduced days to physiological maturity as compared to the 
control (Table 1). Although statistically insignificant, the other treatments (10, 20 and 30 kg P ha-1) have 
also slightly reduced the days to physiological maturity as compared to the control. Hastening crop 
maturity due to increasing P supply was also reported by Brady and Weil (2002). Havlin et al. (1999) 
also indicated that ample phosphorus nutrition could reduce the time required for grain ripening. 
Similarly, Marschner (2002) reported that P could reduce the days to physiological maturity by 
controlling some key enzyme reactions that involve in hastening crop maturity. Simple correlation 
results indicated that physiological maturity was highly correlated with pH (r= 0.55**). Possible reason 
for this might be that as pH of the soil increased, P availability will be improved which in turn could 
reduce the days to physiological maturity. 
 
Although P application has slightly reduced the days to 50% flowering (Table 1), the effect was not 
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statistically significant. Similar results were also reported by Birhan (2006) and Meseret (2006) on 
haricot bean and mung bean, respectively. Days to flowering were highly correlated with pH (r= 0.50**). 
Similar reason can also be suggested as in physiological maturity. Negative correlation (r= -0.44*) was 
obtained between days to flowering and OC content. This might be due to mineralization of organic 
matter during the growing period that releases N which could cause delay in flowering date (Havlin et 
al., 1999). 
  
Phosphorus application did not significantly affect plant height and number of branches plant-1. A slight 
decrease was, however, observed in plant height with increasing levels of P, while number of branches 
plant-1 showed increasing trend (Table 1). These results are similar to that of Birhan (2006) who reported 
a non-significant response of plant height to P application on haricot bean. Meseret (2006) also reported 
that P application did not significantly influence plant height and number of branches on mung bean. 
From growth parameters, number of branches plant-1 was significantly correlated with available P (r= 
0.43*), while plant height was highly correlated with number of branches plant-1 (r= 0.48**). This 
indicates that application of P is important for growth and development of growth parameters and 
improvement of one growth parameter may support the other. On the other hand, plant height was 
negatively correlated with exchangeable acidity (r= -0.51**), indicating that presence of exchangeable 
acidity can negatively affect the growth of crops through fixation of P and thereby decreasing its 
availability. 
  
 
 Grain yield and yield components   
 
Application of P has significantly affected the grain yield of the bean. Phosphorus application at all rates 
except at 60 kg P ha-1, resulted in significantly higher grain yield than the control (Table 2). The highest 
yield (25.47 dt ha-1) was obtained from the application of 40 kg P ha-1, whereas the lowest yield (15.58 dt 
ha-1) was obtained from the control. This result is in agreement with that of Birhan (2006) who reported a 
significant yield response of haricot bean to application of P at Melkassa because of P deficiency in the 
area. To the contrary, Meseret (2006) reported a non-significant yield response of mung bean at Awassa 
Agricultural Research Center as result of high content of available P. The result of regression analysis 
indicated that there was a significant quadratic relationship between P application and grain yield, and the 
yield increased with increasing levels of P up to the rate of 35 kg ha-1 and then declined afterwards. This 
tendency of yield decrease might be attributed to imbalance of P with other nutrients, especially with N 
(Havlin et al., 1999; Mengel and Kirkby, 1987). Simple correlation results revealed that grain yield was 
highly correlated with available P (r= 0.52**), number of pods plant-1 (r=0.55**), total biomass (r= 
0.90***) and HI (r= 0.63***). These results suggest that P is a very important nutrient element for crop 
production, and as result of this, its availability in soil is very important to improve grain yield, which is 
directly related with amount of total biomass and number of pods plant-1. Havlin et al. (1999) indicated 
that large quantities of P are found in seed and P is considered to be essential for seed formation. The 
result of the present work has also shown a significant correlation between grain yield and seed P (r= 
0.39*). To the contrary, there was a negative correlation (r= -0.44*) between grain yield and 
exchangeable acidity, which implies that the exchangeable acidity can reduce the content of available P 
through fixation.  
 
Unlike its effect on grain yield, the effect of P on the number of pods plant-1 was not significant. However, 
all rates of applied P produced higher number of pods plant-1 than that of the control, though the 
increment was statistically non-significant (Table 2). The highest (15.30) and the lowest (9.58) number of 
pods plant-1 were obtained at the rates of 40 and 0 kg P ha-1, respectively, and these were also the rates at 
which the highest and the lowest grain yield were obtained. The number of pods plant-1 was highly 
correlated with available P (r= 0.51**) and seed P (r= 0.40*).  These results are in agreement with that 
of van Schoonhoven and Voysest (1991) and Hajeal et al. (1994) who reported that the increase in 
production through fertilization in P deficient zones is due to the increase in number of pods plant-1, and 
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hence pods plant-1 was positively correlated with available P. 
 
Similarly, application of P did not significantly influence yield components such as number of seeds pod-1 
and thousand seed weight. Except 20 and 50 kg P ha-1, however, all rates of applied P resulted in higher 
number of seeds pod-1 (Table 2). In line with this, Meseret (2006) and Birhan (2006) reported 
non-significant results on mung bean and haricot bean, respectively. On the other hand, correlation result 
indicated that thousand seed weight was negatively correlated with straw P (r= -0.56**). Possible reason 
for this might be that the main storage area of P is seed as suggested in grain yield.   
 
 
Total biomass and harvest index  
 
Application of P significantly affected total biomass of haricot bean. All treatments resulted in 
significantly higher total biomass over the control (Table 2). The highest total biomass (45.97 dt ha-1) was 
recorded from the treatment with application of 40 kg P ha-1 followed by 44.45, 43.88, 41.85, 41.54 and 
39.14 dt ha-1, which were recorded from treatments with application of 30, 20, 50, 60 and 10 kg P ha-1, 
respectively. The increment in total biomass followed similar trend with that of grain yield. Generally, it 
declined after application of 35 kg P ha-1, which might also be attributed to imbalance of P with other 
nutrients, especially with N (Havlin et al., 1999; Mengel and Kirkby, 1987). Total biomass was highly 
correlated with available P (r= 0.49**), seed P (r= 0.48**), number of pods plant-1 (r= 0.67***) and 
number of branches plant-1 (r= 0.38*). These correlation results indicate that level of biomass production 
directly affects growth parameters, yield and yield components, which in turn are highly dependent on 
available P content of the soil. In line with this, van Schoonhoven and Voysest (1991) reported that 
biomass production of crops would be increased as P demand by crops increased. Biomass was negatively 
correlated (r= -0.52**) with exchangeable acidity, which may be due to the reduction of available P with 
rise in exchangeable acidity. On the other hand, P application did not significantly affect harvest index 
(HI). Meseret (2006) has also reported a non-significant response of harvest index to P application on 
mung bean, while Birhan (2006) reported a significant response of harvest index to the application of P 
on haricot bean. Although P application increased grain yield and similar effect was expected on HI, the 
latter did not increase due to simultaneous increase in straw yield.   
 
Effect of Phosphorus Application on Soil Chemical Properties  
Available phosphorus 
 
The available P content of the experimental soil was 8.82 mg kg-1 (Table 3) before sowing the crop, 
which is low according to the classification by Pushparajah (1997). Application of P fertilizer increased 
the available P content of the experimental soil over the control although the increment was not 
significant and consistent. The highest increment (3.98 mg kg-1) was resulted from the application of P at 
the rate 40 kg P ha-1, whereas the lowest increment (1.42 mg kg-1) was resulted from 10 kg P ha-1 
application. The highest available P was also obtained from the application of P at the rate of 40 kg P ha-1, 
whereas the lowest was from the control (Table 3). This result is in agreement with that of Sheleme (1997) 
and Birhan (2006) who reported that addition of P fertilizer would increase the available P content of the 
soil. Similarly, Havlin et al. (1999) also reported that addition of P fertilizer would increase 
anion-exchangeable H2PO4-. Besides, root exudation to rhizosphere can also increase nutrient availability 
by desorbing phosphate from surfaces of sesquioxides by anion exchange and increasing phosphate 
mobilization by chelating with Fe or Al phosphate or both (Mengel and Kirkby, 1987). 
 
Although the available P content of the experimental soil was supposed to be increased by P fertilization 
(Mengel and Kirkby, 1987; Havlin et al., 1999) and repeated wetting (Mishra et al., 2006), its content 
decreased during the growing period in all treatments (Table 3). The highest reduction of available P from 
the original value (8.82 mg kg-1) was 5.27 mg kg-1 in the control, whereas the lowest reduction of 1.29 mg 
kg-1 was obtained from the application of 40 kg P ha-1. Possible reasons for reduction might be crop 
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utilization, fixation and leaching of P. In line with this, Sheleme (1997) reported a reduction in available P 
after crop harvest due to crop utilization at Areka Agricultural Research Center. Brady and Weil (2002) 
indicated that P availability is maximum at pH ranges of 6 to 7, while below and above these, fixation 
occurs. Similarly, Havlin et al. (1999) also indicated that P availability is at a maximum near pH 6.5, 
whereas below and above pH 6.5, fixation occurs in most soils. On the other hand, Mengel and Kirkby 
(1987) reported that P could be removed by leaching from the upper soil layers and become unavailable 
although the rate of removal is low. Williams (1996) also indicated that large extractable and total P 
concentrations in summer coincided with drying of humus and root death and release.   
 
Total nitrogen 
 
The total nitrogen content of the soil was 0.2% (Table 3) at pre-plant, which could be classified as 
medium according to Pushparajah (1997). Application of P did not significantly influence total nitrogen 
content of the soil. It ranged from 0.18% at the rate of 20 kg P ha-1 to 0.21% at control (Table 3). A slight 
reduction was observed in all treatments except at 0 and 60 kg P ha-1 as compared to the original value 
(0.2%), which might be attributed to the relatively higher uptake by plants. As compared to the treatments 
with 0 and 60 kg P ha-1, all the others resulted in higher total biomass, which in turn resulted in lower 
concentration of N in soil after crop harvest, due to uptake. 
 
Organic carbon 
 
The organic carbon content of the experimental soil was 3.5% (Table 3) at pre-plant, which could be 
classified as high according to Herrera (2005). The organic carbon content was not significantly affected 
by increasing rates of P application. As indicated in Table 3, the organic carbon content of the soil ranged 
from 2.86% at the rate of 30 kg P ha-1 to 3.09% at 50 kg P ha-1. In all treatments, including the control, 
the organic carbon contents were reduced from the original value of 3.5% during the growing period. The 
highest reduction was 18.29%, whereas the lowest reduction was 11.71%. The decrease in organic carbon 
content during the growing period of the crop might be due to organic matter decomposition. Havlin et al. 
(1999) indicated that tillage of the soil produces greater aeration, thus stimulating more microbial activity, 
and increases the rate of disappearance of soil organic carbon. 
 
Soil pH and exchangeable acidity  
 
The pH and exchangeable acidity (EA) values of the experimental soil were 5.60 and 0.34, respectively 
(Table 3), before sowing the crop. Herrera (2005) classified soil pH as strongly acidic (3-5.6), moderately 
acidic (5.6-6.2), slightly acidic (6.2-6.7), neutral (6.7-7.3), slightly alkaline (7.3-7.9), moderately alkaline 
(7.9-8.5) and strongly alkaline (> 8.5). Based on this classification, the pH of the experimental soil was 
moderately acidic, which is satisfactory for growth of most crops (Havlin et al., 1999). Increasing levels 
of P supply did not significantly influence the pH and exchangeable acidity of the soil. 
 
Compared to the original value, slight reductions in soil pH were detected in all treatments except, in 
control and 10 kg P ha-1 plots (Table 3). The slight decrease found from the present experiment could be 
attributed to release of H+ in the process of nutrient uptake. Correlation results indicated that soil pH was 
significantly correlated with total nitrogen (r= 0.39*). 
 
The exchangeable acidity of the soil ranged between 0.46 cmol (+) kg-1 in the control and 0.56 cmol (+) 
kg-1 in the treatment with application of 10 and 50 kg P ha-1 (Table 3). Although statistically not 
significant, all rates of applied P resulted in higher exchangeable acidity as compared to the control (Table 
3). The highest exchangeable acidity was obtained from the rates of 10 and 50 kg P ha-1, whereas the 
lowest was obtained from the control. The exchangeable acidity was increased from the original value in 
all treatments including the control. This increment could be attributed to exchangeable hydrogen (H+), 
which might have been released from roots, decomposition of organic matter, and microbial and root 
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respiration as was also suggested by Havlin et al. (1999). The authors indicated that decomposition of 
organic matter and root respiration increase CO2 in the soil air, which combines with water to produce H+.  
 
Phosphorus Uptake and Efficiency 
 
Application of P fertilizer highly significantly influenced the concentration of P in seed. All rates of 
applied P resulted in higher seed P concentration than that of control although significant differences were 
observed only at rates of 20, 30 and 60 kg P ha-1. The concentration of grain P showed increasing trend 
with levels of applied P till 30 kg P ha-1 and declined afterwards (Table 4). The highest P content of the 
grain (0.83%) was obtained from the treatment with application of 30 kg P ha-1, whereas the lowest P 
content (0.50%) was obtained from the control. Seed P was negatively correlated with total N (r= -0.36*), 
which might be due to the negative effect of high N levels. Similarly, it was negatively correlated with 
exchangeable acidity (r= -0.38**), showing with increment in exchangeable acidity values available P 
level would decline due to fixation and resulting in low P concentration in seed. 
 
Unlike its effect on seed P, P application did not significantly influence straw P concentration. Except at 
50 kg P ha-1, the concentration of straw P was higher at all rates of P application than that of control. 
Similar to its concentration in seed, the concentration of P in straw was also increased from 0.46% in 
control plants to 0.65% in those supplied with 40 kg P ha-1 although its lowest concentration (0.44%) was 
obtained at 50 kg P ha-1. Simple correlation result indicated that there was a negative correlation (r= 
-0.36**) between straw P and exchangeable acidity. Similar in seed P, with increment in exchangeable 
acidity values of available P level would decline due to fixation and thereby resulting in low P 
concentration in straw. The concentrations of P in both seed and straw in all treatments except those of 
control and 50 kg P ha-1 (Table 4) were greater than the plant P concentration range (0.1-0.5%) rated as 
optimum by Havlin et al. (1999).  
 
The minimum (7.79 kg ha-1) and the maximum (19.88 kg ha-1) grain uptake of P were recorded at the 
rates of 0 and 30 kg P ha-1, respectively, whereas the minimum (6.74 kg ha-1) and the maximum (13.33 kg 
ha-1) straw uptake were recorded at the rates of 0 and 40 kg ha-1, respectively (Table 4). The uptake of P 
by both the grain and straw decreased after the maximum uptake was attained at 30 and 40 kg P ha-1 
applications, respectively. Likewise, the total uptake of P by the biomass (the sum of uptake by grain 
yield and straw) increased from 14.53 to 32.59 kg ha-1 at the rates of 0 and 30 kg P ha-1, respectively and 
declined beyond this rate. The grain P uptake accounted for 61% of the maximum total P uptake, whereas 
straw P accounted for 39%. This result is in agreement with that of Birhan (2006) who reported that P 
uptake increased with application of P in haricot bean. The highest apparent P recovery obtained was 
78.05% at application of 20 kg P ha-1 followed by 60.20% at the rate of 30 kg P ha-1, whereas the lowest 
was 15.46% at application of 50 kg P ha-1. The highest agronomic (69.80) and physiological (123.32) P 
efficiencies were obtained at application of 10 kg P ha- 1. The lowest agronomic P efficiency (9.28) was 
obtained at 60 kg P ha-1, whereas the lowest physiological P efficiency (46.35) was obtained at 
application of 30 kg P ha-1. Both P efficiencies were decreased with application of P. The value of 
agronomic efficiency indicated that for a unit of fertilizer P applied the highest yield was produced at 10 
kg P ha-1, whereas the lowest was produced at 60 kg P ha-1. On the other hand, the value of physiological 
efficiency indicated that from a given unit of P taken up by the total biomass, relatively the highest 
portion was used in grain formation at the rate of 10 kg P ha-1, whereas the lowest was used at 30 kg P 
ha-1. Thus, application of 10 kg P ha-1 is optimum to obtain the highest agronomic and physiological 
efficiencies.  
 
 
Conclusion and Recommendation 
 
Application of 10 kg P ha-1 had significantly improved grain yield and biomass. Although statistically 
insignificant, enhanced physiological maturity and yield components such as number of pods plant-1 and 
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number of seed pod-1 were obtained from this rate. Further increase in levels of P up to 35 kg P ha-1 did 
not increase yield significantly compared to that of 10 kg P ha-1 application. Phosphorus supply beyond 
35 kg P ha-1
  
generally resulted in decline of grain and biomass yields, number of pods plant-1 and 
number of seed pod-1. Thus, application of 10 kg P ha-1 is recommended for better production of haricot 
bean at Areka.   
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Table 1. Crop phenology and growth parameters of haricot bean as affected by phosphorus 
             application at Areka, 2006.  
Rates of P 
(kg ha-1) 
Days to              
flowering 
Days to  
maturity 
Plant height 
 (cm) 
No. of branches     
plant-1 
  
 0 
 
      46.25 
 
85.50a 
 
80.20 
 
3.55 
 10       46.25 84.75ab 79.75 3.85 
 20       46.00 84.50abc 78.80 3.85 
 30       46.00 84.50abc 78.65 3.70 
 40       45.75 83.25c 79.35 4.05 
 50       45.75 83.50bc 79.90 3.95 
 60       45.75 83.25c 78.75 4.00 
 CV (%)         0.90   1.09  9.60 8.39 
LSD (5%)          NS   1.37 NS NS 
Values followed by the same letter (s) within a column are not significantly different at P ≤ 0.05  
NS- not significant 
 
Table 2. Yield, yield components and harvest index of haricot bean as affected by phosphorus application at     
    Areka, 2006. 
Rates of P 
(kg ha-1) 
No. of  
pods plant-1 
 No. of                                                                
seeds pod-1   
Grain yield
  (dt ha-1) 
Total biomass 
  (dt ha-1) 
1000 seed wt 
(g) 
HI
 0  9.58  5.95 15.58b 30.24b 254.45 0.52 
10 12.95  6.01 22.56a 39.14a 254. 49 0.58 
20 14.43  5.94 23.86a 43.88a 254.42 0.54 
30 13.33  6.00 23.95a 44.45a 254.11 0.54 
40 15.30  6.14 25.47a 45.97a 252.69 0.55 
50 13.63  5.93 22.68a 41.85a 255.02 0.54 
60 13.70  6.13 21.15ab 41.54a 252.39 0.51 
CV (%) 21.23 4.86 17.14 13.43  5.21 9.97 
LSD (5%)  NS  NS  5.65  8.18    NS  NS 
Values followed by the same letter (s) within a column are not significantly different at P ≤ 0.05 
NS- not significant 
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Table 3. Soil available P (Bray II), total N, OC, EA and pH as affected by increasing P      
              application on soils at Areka, 2006. 
 
Rates of P        Av. P        TN        OC           EA               pH 
(kg ha-1)       (mg kg-1)       (%)         (%)          cmol (+) kg-1) 
                                                                                                                   
 0             3.55          0.21        2.97           0.46             5.88 
10             4.97          0.19        2.92           0.56             5.60 
20             5.06          0.18        3.00           0.53             5.55 
30             5.72          0.19        2.86           0.48             5.58 
40             7.53          0.19        3.08           0.52             5.45 
50             6.05          0.19        3.09           0.56             5.48 
60             6.58          0.20        3.05           0.52             5.50                                          
Before sowing   8.82          0.20        3.50           0.34             5.60 
 the crop 
CV (%)        28.87         9.92        6.47          45.11             3.56 
LSD (%)       NS           NS         NS           NS               NS 
 
 
Table 4.  P content of grain and straw, uptake of the nutrient, apparent recovery and P use efficiency        
        at vest at Areka, 2006 
 
 
 
 
 
Rates 
of P(kg 
ha-1) 
Yield (kg ha-1 P content (%) P uptake (kg 
ha-1) 
 Apparent 
P 
recovery 
(%) 
   P efficiency 
Grain       Straw Grain       Straw Grain       Straw Total  Agronomic  Physiol
ogical 
0 1558 1466 0.50c   0.46 7.79        6.74       14.53            --- ----- ----- 
10 2256                   1658 0.52c    0.51        11.73       8.46       20.19          56.60                         69.80               123.32
20 2386          2002 0.76ab        0.60        18.13     12.01       30.14          78.05                         41.40                 53.04
30 2395                   2050 0.83a    0.62        19.88     12.71       32.59          60.20        27.90                 46.35 
40 2547                   2050 0.63bc     0.65        16.05     13.33       29.38          37.13                         24.73                 66.60
50 2268                   1917 0.61bc     0.44        13.83       8.43       22.26          15.46                         14.20                 91.85
60 2115                   2039 0.72ab     0.53        15.23     10.81       26.04          19.18                           9.28                 48.39
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